Introduction
Pulmonary adenocarcinoma is a major histological subtype of lung cancer, and has a constant tendency to increase in Japan, irrespectively of sex. Its incidence rates were 43% and 67% of all histological types of Japanese lung cancer cases during [1999] [2000] [2001] [2002] [2003] in males and females, respectively. submit your manuscript | www.dovepress.com
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Over the last decade, in contrast to squamous cell carcinoma, treatment for adenocarcinoma has developed dramatically. This histology has benefited from a new cytotoxic antitumor drug, pemetrexed, 2 and a molecularly targeted antibody -bevacizumab. 3 Furthermore, adenocarcinoma has been divided into two subsets according to genetic information: adenocarcinoma harboring a driver mutation, either positive EGFR mutation 4 or ALK rearrangement; 5 and adenocarcinoma without these driver mutations. Nowadays, treatment strategies differ markedly between these two subsets. For the former subset, specific tyrosine-kinase inhibitors are indispensable. On the other hand, for the latter subset, cytotoxic chemotherapy remains a standard treatment. Platinumbased combination regimens with or without bevacizumab are recommended as the first-line treatment. However, almost all patients experience progression during or after first-line chemotherapy. Some of them require salvage chemotherapy.
Some survey studies have revealed a trend of patients with advanced non-small-cell lung cancer who have received first-and later-line chemotherapy. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, there is no study that has focused on patients with EGFR wild-type adenocarcinoma and followed their course of chemotherapy. Our retrospective study for adenocarcinoma with wild-type EGFR aimed to investigate 1) what the rate of patients who had received first-, second, or third-line chemotherapy was and 2) who benefited from chemotherapy.
Materials and methods
Patients and study design
This was a single-institution retrospective study. The inclusion criteria were: 1) histologically or cytologically diagnosed with pulmonary adenocarcinoma; 2) stage IIIB or IV, defined by the seventh TNM (tumor, node, metastasis) classification of lung cancer by the Union for International Cancer Control 16 (staging by sixth edition of the UICC classification was reclassified according to seventh edition); (3) diagnosed between June 2007 and March 2015 at our institution; (4) EGFR wild-type status examined by LSI Medience Corporation (Tokyo, Japan) using the peptide nucleic acid-locked polymerase chain-reaction clamp method. 17 The exclusion criteria were: 1) patients who were diagnosed at our hospital, but thereafter transferred to other hospitals for aggressive treatment; 2) diagnosis and introduction of any aggressive treatment were performed at another hospital, but thereafter transferred to our hospital for later-line treatment; 3) adenocarcinoma combined with other histological types; 4) immunohistochemically positive ALK gene rearrangement; 5) EGFR mutations were not examined. In Japan, EGFR-mutation tests became covered by insurance in June Patients' background data, laboratory data, criteria and definitions of overall response rate (RR), overall survival (OS), and progression-free survival (PFS) in this study followed those of our previous studies. 18, 19 In this study, we added creatinine clearance estimated by Cockcroft-Gault formula as an explanatory variable at diagnosis and at the start of each chemotherapy. We added 0.2 mg/dL to serum creatinine concentrations measured by the enzymatic method, in order to adjust the difference between creatinine values measured by the Jaffe method and the enzymatic method. 20 In principle, laboratory data comparing between the chemotherapy and nonchemotherapy groups were obtained on the last day before the examination leading to the confirmed diagnosis of malignancy. However, alkaline phosphatase (ALP) values were not measured before the examination in three and one cases in the chemotherapy and nonchemotherapy groups, respectively. Instead, we used the data on the nearest day after the examination in those four cases. Height could not be measured in three patients in the nonchemotherapy group, because they could not stand by themselves. Therefore, these three patients were excluded from comparison of body mass index. Data cutoff for RR, PFS, and OS was July 31, 2016. The Osaka Police Hospital ethics committee approved this study (number 501) and waived the requirement for informed consent, because our data were retrospective and deidentified.
Data analysis
Continuous, discrete, and categorical variables are expressed as mean ± standard deviation, median (range), and frequency, respectively. Normality of distribution and homogeneity of variances were assessed by Shapiro-Wilk and F-tests, respectively. Comparing relative frequencies, discrete variables, and normally distributed continuous variables between two 
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Chemotherapy trajectory in EGFR adenocarcinoma groups, we used c 2 or Fisher's exact test, Mann-Whitney U test, and Student's t-test, respectively. Thereafter, all variables with a P-value <0.2 were included in the subsequent univariate logistic regression analysis. The laboratory data were divided by the optimal cutoff values and transformed into dichotomous variables. For receiver-operating characteristic curves and areas under the curve, cutoff points were decided as the value that gave maximal joint sensitivity and specificity. Logistic regression analysis and Cox proportionalhazard analysis were used to find factors influencing outcome variables, introduction of chemotherapy, and survival after chemotherapy, respectively. All variables with a P-value <0.1 in univariate analysis were included in the subsequent multivariate analysis. When a moderate-to-strong correlation (Pearson's correlation coefficient, r≥0.4) was observed between two laboratory data and a risk of multicollinearity was a concern, we arbitrarily excluded either of the coefficients from candidate explanatory variables in the multivariate analysis. Backward-stepwise selection based on P-value was used to select variables that were entered into the multivariate model. These results were expressed as odds ratios (ORs) or hazard ratios (HRs) and 95% confidence intervals (CIs). A P-value <0.05 was statistically significant. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (R Foundation for Statistical Computing, Vienna, Austria).
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Results
Among 194 patients who met the inclusion criteria, 148 patients were able to receive chemotherapy (chemotherapy group), but 46 could not (nonchemotherapy group). On the other hand, 62 patients were excluded from analysis, because their EGFR-mutation status was unknown. Among these 62 patients, 19 (31%) received chemotherapy. ALK-immunohistochemistry screening was performed in 22 patients (48%) of the nonchemotherapy group and 59 (40%) of the chemotherapy group. In the chemotherapy group, 89 and 48 patients proceeded to second-and third-line chemotherapy, respectively ( Figure S1 ).
Initially, we compared backgrounds and laboratory data between the chemotherapy and nonchemotherapy groups. Patients in the chemotherapy group were younger (67±9.5 vs 73.9±9.7 years, P<0.01), included a lower proportion of stage IV (P<0.01), kept better Eastern Cooperative Oncology Group (ECOG) performance status (PS) (P<0.01), and survived longer (median 404 vs 87 days, P<0.01) ( Table 1) . As for laboratory data, there were significant differences in absolute lymphocyte count (1,721±570 Table S1 presents the optimal cutoff values for binarization of laboratory data. Univariate analysis detected ten variables as factors predicting difficult introduction of chemotherapy -age ≥75 years, stage IV, ECOG PS ≥2, neutrophil count ≥8,356 cells/μL, lymphocyte count <1,414 cells/μL, hemoglobin <13.2g/dL, sodium <139 mEq/L, creatinine Table 2) . Table 3 shows pretreatment characteristics and laboratory data at the start of first-, second-, and third-line chemotherapy, respectively. Carboplatin-based combination regimens were most frequently used in the first-line setting, while nonplatinum monotherapy regimens were used in the second-and third-line settings (Table S2 ). Progressive disease was always the most frequent reason for discontinuation of chemotherapy. RR, disease-control rate, and PFS gradually diminished every line (Table S3) .
As factors predicting OS from the start of first-, second-, and third-line chemotherapy, univariate Cox-hazard analysis detected that the variables female, ECOG PS ≥2, neutrophil count, lymphocyte count, monocyte count, creatinine clearance, sodium concentration, and CRP in first-line therapy (Table 4) ; age ≥75 years, male, ECOG PS ≥2, neutrophil count, lymphocyte count, monocyte count, hemoglobin, red cell distribution width (RDW), platelet count, creatinine clearance, sodium concentration, LDH, ALP, CRP, and interval between first and second lines in second-line therapy (Table 5) ; and ECOG PS ≥2, neutrophil count, lymphocyte count, monocyte count, sodium concentration, LDH, ALP, CRP, and interval between first and third lines in third-line therapy (Table 6 
Discussion
This retrospective study is the first to clarify the trajectory of patients with advanced adenocarcinoma with EGFR wild-type status. We found several factors leading to introduction of chemotherapy and longer survival after first-, second-, and third-line chemotherapy.
Our study revealed a flow of patients with adenocarcinoma with EGFR wild-type status. No other study has 
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Minami et al focused on these selected patients. 1) 76% of patients who had been diagnosed with adenocarcinoma with EGFR wildtype status received chemotherapy. This proportion was higher than 67%, the proportion of patients with squamous cell carcinoma during the same study period in our hospital. 19 However, we are afraid that this proportion might be overestimated. We did not examine EGFR-mutation status intentionally in some patients with poor general condition and/or severe complications at diagnosis. Therefore, our nonchemotherapy group excluded some patients who appeared unfit for both aggressive treatment and tyrosine-kinase inhibitors at diagnosis. 2) 61% and 34% of patients who received first-line chemotherapy proceeded to second-and third-line chemotherapy, respectively. When calculating these proportions, we excluded three and three patients who remained not to progress after first-and second-line chemotherapy, respectively. These proportions were consistent with 65% and 34%, those of patients with advanced pulmonary squamous cell carcinoma in our previous study. 19 Therefore, the receipt rate of salvage chemotherapy was not affected by histological type. Oncologists should keep in mind that approximately a third of our patients may drop out of chemotherapy during or after the ongoing line. Therefore, we should select the best regimen at the upcoming line for each patient, rather than the best sequence of later-line regimens.
We detected some predictive markers for unlikely introduction of chemotherapy and survival benefit of each line of chemotherapy. 1) Patients with poor PS, low hemoglobin concentration, low creatinine clearance, and higher CRP value were unlikely to receive chemotherapy. Irrespective of histology, PS was a common predictive factor. 18, 19 Low hemoglobin was also common with squamous cell carcinoma, 19 while this study additionally detected low creatinine clearance and CRP as influential factors. 2) In our previous study of squamous cell carcinoma, 19 PS was a common predictive factor at any time of the chemotherapeutic course. On the other hand, in this study, absolute lymphocyte count was a common predictive factor from first-to third-line chemotherapy. Ratios of neutrophils [22] [23] [24] [25] [26] [27] or monocytes to lymphocytes have been reported to be predictive markers for OS in advanced lung cancers. We did not assess ratios of these leukocyte differentiations as predictive markers in this study.
Our study had several limitations. It was a singleinstitution, small-sample, retrospective study. As described earlier, we did not examine EGFR-mutation status in all patients with adenocarcinoma. There might be biases for patients with unknown mutation status. We did not evaluate variables related to nutrition status, such as serum albumin concentration, because we did not measure these data routinely. Poor nutrition status may affect both introduction of chemotherapy and survival after chemotherapy. Our analyses focused exclusively on medical and physical conditions. Whether or not to start chemotherapy might depend not only on medical conditions but also on many other issues. 
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Conclusion
Approximately 76% of patients with adenocarcinoma with EGFR wild-type status were treated with first-line chemotherapy. Of those patients, 61% and 34% proceeded to secondand third-line chemotherapy, respectively. Patients with poor PS, low hemoglobin concentration, low creatinine clearance, and higher CRP value tended not to receive chemotherapy. Absolute lymphocyte count was a common predictive factor from first-to third-line chemotherapy.
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